Across 90 countries, suicide has been found to be the third leading cause of death for females and the fourth leading cause for males aged 15-19 years old, accounting for more than 9% of the deaths of young people.
Many countries in sub-Saharan Africa, including Rwanda, have made significant progress in improving the health outcomes of individuals who are living with HIV. [17] [18] [19] With increasing access to antiretroviral therapy, 18, 19 HIV is rapidly becoming a chronic illness in many countries. However, the broader consequences of HIV on individuals and within families, including possible increased risk for suicide, remain largely unaddressed. As global attention concerning children directly and indirectly affected by HIV/AIDS expands, greater understanding is needed on suicide risk among children living with HIV, children affected by HIV (children with an HIV-positive (HIV+) caregiver or a caregiver who died because of AIDS) and those unaffected by HIV, and the risk and protective factors that may influence this risk. This study is a secondary analysis of existing data from a case-control study conducted to compare mental health problems among children living with HIV, children affected by HIV and children unaffected by HIV. 15 The matched nature of the design allows us to examine suicidal ideation and behaviour and how these experiences may be associated with HIV status. Furthermore, the study aims to understand how differences in demographics, mental health, parenting, harsh discipline, community social support and stigma predict suicidal ideation and behaviour while accounting for the influence of HIV.
Method Population and study design
This study was conducted by the Harvard School of Public Health, the Rwandan Ministry of Health, and Partners In Health/Inshuti Mu Buzima (PIH/IMB), a non-governmental organisation supporting health system strengthening in Rwanda. The study was conducted within the catchment area of two district hospitals located in southern Kayonza and Kirehe Districts, which serve as referral hubs for 24 health centres that provide routine HIV services. 18, 20 In the catchment area of these hospitals, an electronic medical record (EMR) system is maintained for patients receiving HIV care.
A case-control study design was used to enrol a sample of n = 683 children stratified by HIV status from March to December 2012. 15 Sampling followed a multiple-step process (Fig. 1) . First, the EMR identified children living with HIV aged 10-17 who were then stratified by village. For each village with an EMR-identified
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Aims
To identify predictors, including HIV status, of suicidal ideation and behaviour in Rwandan children aged 10-17.
Method
Matched case-control study of 683 HIV-positive, HIV-affected (seronegative children with an HIV-positive caregiver), and unaffected children and their caregivers.
Results
Over 20% of HIV-positive and affected children engaged in suicidal behaviour in the previous 6 months, compared with 13% of unaffected children. Children were at increased risk if they met criteria for depression, were at high-risk for conduct disorder, reported poor parenting or had caregivers with mental health problems.
child living with HIV, a community health worker compiled lists of all children aged 10-17. Rwandan community health workers track approximately 50 households per village, making this procedure feasible. Second, specialised community health workers knowledgeable of all residents in their assigned villages who were living with HIV stratified the lists by HIV status, which revealed 37 additional children living with HIV who were added to the final HIV+ list. Children residing with a caregiver living with HIV or who had a caregiver who died because of AIDS made up the list of HIV-affected children. The remaining children, confirmed by community health workers to be neither living with HIV or affected by HIV in their family, made up the list of unaffected children. If the index child from the HIV+ list consented to participate, a random number generator was used to select HIV-affected and unaffected children in the same village. If the child or their caregivers did not provide assent/consent, a different participant was randomly sampled and invited to participate. This procedure allowed for a case-control design matched on village to control for geographic differences. Matching on age and gender was not necessary given the relatively large sample size, which led to approximately equal distribution of demographic variables across groups.
A target sample size of 250 participants per group (n = 750) was estimated to yield 82% power to detect standardised expected group mean differences, equivalent to 0.25 standard deviations at a = 0.05. 21 The number of eligible children living with HIV fell just short of this target, with 683 children and one of their caregivers participating in the study (participation rate over 95%). Children living with HIV were ineligible if they moved outside the study area, had since tested HIV-negative, were under 10 years of age or lived in a child-headed household. Eligible children were aged 10-17 years and had lived in Kayonza or Kirehe Districts for at least 1 month. For each child, a cohabiting adult caregiver (selected as 'knowing the child best') reported on their own mental health, the child's mental health, family and community relationships and family socioeconomic status (SES). Exclusion criteria were active psychosis or severe cognitive impairment in the invited child (as identified by study psychologists). Although no exclusions were made because of cognitive impairment, five of the younger children were not able to fully complete the self-report because of poor comprehension of the items; for two of these children, caregivers completed caregiver reports. During data collection, local psychologists travelled with the research team to respond to serious risk-ofharm situations (for example suicidality) and make referrals to the health system and local service programmes as appropriate. Overall, 5% of the sample received additional referral to mental health services as a result of such immediate risk-of-harm issues. This study received approval from the Harvard School of Public Health Office of Human Research Administration and the Rwanda National Ethics Committee. Independent parental/guardian informed consent and child assent was obtained for all study participants.
Procedures
Rwandan research assistants orally conducted all assessments in Kinyarwanda, the local language, with oversight from the study field coordinators and investigators. Children and caregivers were assessed for mental health problems as well as protective and risk factors. Research assistants received 2 weeks of training in research ethics, data-collection methods and interviewing children and parents. Interviews were carried out in participants' homes, with child and caregiver interviews conducted separately. All data were collected on Android smart phones using DataDyne's EpiSurveyor. De-identified data was uploaded to DataDyne's secure website where it was accessed for analysis.
Measures
All measures were subjected to rigorous translation procedures, and measures of suicidal ideation and behaviour, child mental health, good parenting and social support were locally validated with 378 child-caregiver dyads.
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Demographics
Children reported their gender, age, and whether they were currently attending school and had experienced the death of a caregiver. Caregivers reported on whether they were a single caregiver (typically a female-headed household), and family SES, which was measured using the wealth index 25 from the Rwanda Demographic and Health Survey.
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Child mental health
Children and their caregivers reported on child depression and conduct problems. The 20-item Center for Epidemiologic Studies Depression Scale for Children (CES-DC) 27 assessed symptoms of depression and was scored zero (never) to three (often), and the scale score was the sum. The CES-DC was validated in this population using a process described previously, which identified a cut-off score of 30 as being optimally able to identify children with a clinical depression diagnosis, 23 and so children with scores greater than or equal to 30 were classified as probably having depression. The scale demonstrated good internal consistency (a = 0.88).
Conduct problems were measured using the short form of the Youth Conduct Problems Scale-Rwanda (YCPS-R), a locallyderived scale based on qualitative data, 24 as standardised measures of conduct disorder did not match well with the local construct. 28 The scale contains 11 items scored zero (never) to three (often) and was scored as the sum. The internal reliability in this sample was excellent (a = 0.89). A validity study of the YCPS-R identified scores of 5 for the child report, 9 for the caregiver report on females and 14 for the caregiver report on males as being the cut-off scores best able to identify children diagnosed with conduct disorder; 24 these were used as cut-off scores for conduct problems. Although the YCPS-R questions used in the validity study were the same as those used in this study, the time frame during the validity study was 1 week whereas the one used in this study was 6 months, and so in this study, the YCPS-R cut-offs should be viewed as identifying children at higher risk of conduct disorder, rather than children scoring above the diagnostic threshold.
Parenting
Children and caregivers reported on the good parenting and severe physical punishment the children received, and caregivers reported on caregiver mental health. Good parenting, a protective factor derived from previous qualitative research, 29 was assessed by 16 locally derived items and 16 items from the Parental Acceptance and Rejection Questionnaire. 30 Parenting was scored on a four-point Likert scale, zero (never) to three (every day), and the scale score was the mean. The local parenting scale performed well in validity testing (a = 0.94, test-re-test r = 0.87) and the combined scale had excellent internal reliability in this sample (a = 0.93). Severe physical punishment was measured using the severe physical punishment subscale of UNICEF's Multiple Indicator Cluster Survey's Child Discipline module, 31 that includes two items ('You were slapped in the face, in the head, or in the ears' and 'You were severely beaten'), scored zero for no, one for yes, and the scale was scored as a binary variable of whether or not the child reported either form of punishment in the past month. Caregiver mental health was assessed using the Hopkins Symptom Checklist (HSCL-25), 32 a 25-item measure of depression and anxiety previously tested and validated for use in Rwanda (a = 0.94 in this sample). 33 
Community support and HIV-related stigma
Children and caregivers reported on the community support and HIV-related stigma received and experienced by the child. Community support was measured using an adapted Inventory of Socially Supportive Behaviors (ISSB). 34 The ISSB assesses how often an individual receives informational, instrumental and emotional support on a five-point Likert scale (zero to four) ranging from 'never' to 'nearly all the time' . The adapted Rwandan scale contains 33 items (23 from the original ISSB and 10 drawn from qualitative data). The scale demonstrated good internal consistency (a = 0.95). HIV-related stigma was measured by 13 items adapted from the Young Carer's Project. 35 Frequency of experiencing interpersonal interactions indicative of stigma was reported on a three-point Likert scale (zero to two) of 'never', 'sometimes' or 'often/a lot'. When a stigma item was endorsed, children were then asked to report why they thought it happened. If children endorsed HIV as the reason for experiencing any of the stigma items, then they received a score of one, all other children received a score of zero.
Suicidal ideation and behaviour
Children and caregivers responded to two items from the Youth Self-Report (YSR) Internalizing Subscale 36 to assess child suicidal ideation and behaviour during the previous 6 months. Suicidal ideation was assessed by 'You thought about killing yourself ' and suicidal behaviour was assessed by 'You deliberately tried to hurt or kill yourself'. If either the child or caregiver endorsed these items, children were deemed to have had suicidal ideation or behaviour. Although only two items from the YSR were used in this analysis, the complete YSR Internalizing Subscale had 16 items and it demonstrated strong internal reliability (a = 0.89) in this sample.
Analyses
Summary statistics were computed for each outcome and predictor variable. Univariate logistic regressions were run to assess the relationship between each predictor variable (including HIV status) and suicidal ideation and behaviour in the past 6 months. Multicollinearity between predictor variables was assessed by examination of the correlation matrix and by computing the variance inflation factors (VIF) using the Stata version 12 command COLLIN. 37 If predictor variables were not multicollinear, they were included in multiple logistic regressions predicting suicidal ideation and behaviour. All analyses were conducted using Stata version 12.
Results
Demographics
The final sample contained a total of n = 683 children, 218 of whom were living with HIV, 228 HIV-affected, and 237 unaffected by HIV in their family. The mean age of the children was 13.60 (s.d. = 2.19), and 51.54% were females. Half of the children (52.05%) were being raised by a single caregiver, almost one-third (28.97%) had experienced the death of a caregiver, but 90.40% were currently attending school. Mental health problems were common in the sample, with 25.70% of children scoring above the diagnostic threshold for depression, and 30.10% of children scoring in the high-risk range for conduct problems. See Tables  1 and 2 for summary statistics of all study variables.
Suicidal ideation and behaviour and HIV status
Of the 683 children, 141 (20.64%) had reported suicidal ideation and 125 (18.30%) had reportedly engaged in self-harm or attempted suicide during the previous 6 months. As hypothesised, children who were living with HIV (OR = 1.85, 95% CI = 1.12-3.05) or HIV-affected (OR = 1.89, 95% CI = 1.15-3.10) were at greater risk of suicidal behaviour compared with children who were not affected by HIV, with 21.10% of those living with HIV and 21.49% of HIV-affected children endorsing suicidal behaviour compared with 12.66% of children not affected by HIV (Table 1) . HIV status was not significantly predictive of suicidal ideation.
Predictors of suicidal ideation and behaviour: unadjusted logistic regression results
Results of the univariate logistic regressions indicated that older children, those with a single caregiver, and those not in school were at increased risk for suicidal ideation and behaviour, whereas those living in families with higher SES were at decreased risk for suicidal behaviour (Table 1) . Neither gender nor having a caregiver die predicted suicidal ideation or behaviour. Child depression and conduct problems both substantially increased the risk of suicidal ideation and behaviour.
Children with self-reported depression scores above the diagnostic cut-off were 5.65 times more likely to have suicidal ideation and 3.54 times more likely to have suicidal behaviour than those below clinical cut-off. Children whose caregivers reported that their depression scores were above the diagnostic cut-off were more than three times more likely to have suicidal ideation and behaviour. Children at high risk for conduct problems were also much more likely to have suicidal ideation and behaviour, with increased odds of 4.35 and 3.36, respectively (P50.001, Table 1 ). Good parenting was associated with decreased risk of ideation (OR = 0.30, P50.001) and behaviour (OR = 0.26, P50.001), whereas children who reported experiencing severe physical punishment had more then double the risk of suicidal ideation (OR = 2.42, P50.001) and almost double the risk of suicidal behaviour (OR = 1.78, P = 0.008, Table 2 ). Children whose caregivers reported more mental health problems themselves were also at increased risk for suicidal ideation (OR = 2.21, P50.001) and behaviour (OR = 1.53, P = 0.006). Finally, community support predicted less suicidal ideation (OR = 0.56, P50.001) and behaviour (OR = 0.51, P50.001) whereas child-reported HIV-related stigma was associated with significantly increased risk of ideation (OR = 2.06, P = 0.002) and behaviour (OR = 1.68, P = 0.04, Table 2 ).
Predictors of suicidal ideation and behaviour: multiple logistic regression results
Results of the mulicollinearity analysis found no evidence of collinearity between predictors, as the highest correlation was r = -0.48 between the dummy codes for those living with HIV and HIV-affected, and the mean VIF was 1.31, with the highest VIF being 2.07. Results of the multiple regressions are presented in Table 3 . Results indicated that child mental health symptoms significantly increased the odds of suicidal ideation and behaviour, whereas child report of good parenting decreased the odds. Caregiver mental health symptoms increased the odds of child suicidal ideation, but not behaviour. After accounting for these factors, none of the other predictors were significantly associated with suicidal ideation or behaviour.
Child mental health
Results of the multiple logistic regression found that children who self-reported and whose caregivers reported depression symptoms above the diagnostic threshold were two to three times more likely to have suicidal ideation and two times more likely to have suicidal behaviour than those with depression symptoms below the diagnostic threshold. Moreover, children who were at high risk for conduct problems were 2.5 times more likely to have suicidal ideation and 1.75 times more likely to have suicidal behaviour. Children whose caregivers reported that they were high risk for conduct problems were more than twice as likely to have suicidal behaviour, but were no more likely to have suicidal ideation compared with those at low risk for conduct problems.
Parenting
Child report of good parenting was associated with decreased risk of suicidal ideation (OR = 0.60, P = 0.03) and behaviour (OR = 0.44, P = 0.001), however caregiver report of good parenting was not associated with any differences in suicide risk. Caregiver mental health problems increased the risk of suicidal ideation (OR = 1.54, P = 0.03), but was not associated with risk for suicidal behaviour.
Discussion
Main findings
Throughout the world suicidal ideation and behaviour, particularly by children, is often hidden, unrecognised and misunderstood. However, suicidal behaviour in children demands attention, as the results of this study found alarmingly high rates of suicidal ideation and behaviour in this sample in sub-Saharan Africa, particularly among youth who are living with HIV and who have a caregiver living with HIV -more than one in five of these children reported a previous suicide or self-harm attempt in the past 6 months. Children who are living with HIV or who are affected by HIV may be at higher risk of suicide because of higher rates of mental health concerns, poorer parenting and caregivers with their own mental health concerns. These risk factors seem to put children at higher risk regardless of HIV status and may also make it much harder for these children to access care and support. Attention to mental health globally is sparse, particularly in much of sub-Saharan Africa and other low-and middle-income country settings where mental health services and human resources for mental healthcare are extremely limited and risk factors, such as poverty, are high. Child and caregiver mental health and parenting factors remained the strongest predictors of suicidal ideation and behaviour even after accounting for other risk factors such as SES, death of caregivers, and social support and HIV-related stigma. The results of this study demonstrate the importance of tackling child and adult mental health concerns and supporting positive parenting skills with families in low-and middle-income countries, in addition to addressing poverty and social support.
Strengths and limitations
Study limitations must be acknowledged, including the fact that there was no capability to conduct clinical testing at the time of data collection in order to confirm HIV status biomarkers for children and their caregivers. However, the community health workers in Rwanda provide directly observed therapy to all patients living with HIV in the PIH/IMB supported districts, and so we are confident about the correct categorisation of children by HIV status.
Also, reports of suicidal ideation and behaviour, child mental health, and risk and protective factors such as good parenting, social support, HIV-related stigma and harsh punishment were collected through retrospective self-reports, and may be subject to recall and reporting bias. However, we believe a strength of the study is that this information was reported by both the child and one of their caregivers, which may help to offset some of the selfreporting concerns. Additionally, many of the measures, including those for mental health, good parenting and social support, were previously validated in Rwanda, increasing the likelihood of valid and reliable results.
Implications
Effective suicide prevention is a societal challenge that would benefit from coordinated responses by family, educational and community partners, in addition to health service providers and systems. Suicide prevention public health campaigns that seek to broaden awareness of, and sensitivity to, mental health needs and suicide risk factors and behaviour is needed at the individual, family and community level, as many people may be unaware of the risk of suicidal ideation in children and ways to prevent and address it. Moreover, national health systems may need to provide training and assistance to local community providers, such as community health workers, to develop and maintain case identification, referral and service delivery programmes for children and adults with mental health concerns that can be sustained in low-resource settings. 38 In addition, prevention interventions such as the Family Strengthening Intervention 39 that seeks to improve parenting skills and prevent child mental health problems in families affected by HIV in Rwanda may help address some of these needs. 
